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limited to the SD- ATG combination from the cro gene or the N gene of coliphage 
lambda, or from the E. coli tryptophan E, D, C, B or A genes. Additionally, any SD- 
ATG combination produced by recombinant DNA or other techniques involving 
incorporation of synthetic nucleotides may be used. 
5 Once the isolated DNA molecule encoding the ligase of the present 

invention has been cloned into an expression system, it is ready to be incorporated 
into a host cell. Such incorporation can be carried out by the various forms of 
transformation noted above, depending upon the vector/host cell system. Suitable 
host cells include, but are not limited to, bacteria, virus, yeast, mammalian cells, 

1 0 insect, plant, and the like. 

The present invention is useful in a number of processes where a ligase 
enzyme is conventionally utilized at high temperatures. Generally, these procedures 
include the ligase detection reaction and the ligase chain reaction. 

Both of the ligase detection reaction and ligase chain reaction involve 

1 5 detection of a target sequence and amplification of that sequence at elevated 

temperatures. In carrying out these procedures, the enzyme is subjected to elevated 
temperatures but is not degraded due to its thermostable character. The ligase 
detection reaction and ligase chain reaction procedures are generally described in WO 
90/17239 to Barany et. al., F. Barany, et. al., "Cloning, Overexpression, and 

20 Nucleotide Sequence of a Thermostable DNA Ligase-Encoding Gene," Gene 109: 1- 
1 1 (1991), and F. Barany, et. al., "Genetic Disease Detection and DNA Amplification 
Using Cloned Thermostable Ligase," Proc. NatT Acad. Sci. USA 88: 189-93, the 
disclosures of which are hereby incorporated by reference. 

The ligase detection reaction process is useful in detecting in a sample 

25 a target nucleotide sequence as described more fully below. 

One or more oligonucleotide probe sets are provided for use in 
conjunction with this method. Each set includes (a) a first oligonucleotide probe 
having a target-specific portion and (b) a second oligonucleotide probe having a 
target-specific portion. The oligonucleotide probes in a particular set are suitable for 

30 ligation together when hybridized adjacent to one another on a corresponding target 
nucleotide sequence, but have a mismatch which interferes with such ligation when 
hybridized to any other nucleotide sequence present in the sample. 
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The sample, the one or more oligonucleotide probe sets, and the ligase 
are blended to form a ligase detection reaction mixture. The ligase detection reaction 
mixture is subjected to one or more ligase detection reaction cycles comprising a 
denaturation treatment and a hybridization treatment. In the denaturation treatment, 
5 any hybridized oligonucleotides are separated from the target nucleotide sequences. 
The hybridization treatment involves hybridizing the oligonucleotide probe sets at 
adjacent positions in a base-specific manner to the respective target nucleotide 
sequences, if present in the sample. The hybridized oligonucleotide probes from each 
set ligate to one another to form a ligation product sequence containing the target- 

10 specific portions connected together. The ligation product sequence for each set is 

distinguishable from other nucleic acids in the ligase detection reaction mixture. The 
oligonucleotide probe sets may hybridize to adjacent sequences in the sample other 
than the respective target nucleotide sequences but do not ligate together due to the 
presence of one or more mismatches. When hydridized oligonucleotide probes do not 

15 ligate, they individually separate during the denaturation treatment. 

During the ligase detection reaction phase, the denaturation treatment 
is carried out at a temperature of 80-1 05°C, while hybridization takes place at 50- 
85°C. Each cycle comprises a denaturation treatment and a thermal hybridization 
treatment which in total is from about one to five minutes long. Typically, the 

20 ligation detection reaction involves repeatedly denaturing and hybridizing for 2 to 50 
cycles. The total time for the ligase detection reaction process is 1 to 250 minutes. 

The oligonucleotide probe sets can be in the form of ribonucleotides, 
deoxynucleotides, modified ribonucleotides, modified deoxyribonucleotides, modified 
phosphate-sugar-backbone oligonucleotides, nucleotide analogs, and mixtures thereof. 

25 In one variation, the oligonucleotides of the oligonucleotide probe sets 

each have a hybridization or melting temperature (i.e. T m ) of 66-70°C. These 
oligonucleotides are 20-28 nucleotides long. 

The oligonucleotide probe sets, as noted above, have a reporter label 
suitable for detection. Useful labels include chromophores, fluorescent moieties, 

30 enzymes, antigens, heavy metals, magnetic probes, dyes, phosphorescent groups, 
radioactive materials, chemiluminescent moieties, and electrochemical detecting 
moieties. 
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The product of the ligase detection reaction can be detected in either of 
two formats. These are fully described in WO 98/03673, to Barany et al., which is 
hereby incorporated by reference. In one of these formats, ligase detection reaction 
products are detected by capillary or gel electrophoresis. Alternatively, ligation 

5 products can be detected on an array by specific hybridization to a complementary 
sequence on the array. 

The ligation detection reaction mixture may include a carrier DNA, 
such as salmon sperm DNA. 

The hybridization step in the ligase detection reaction, which is 

0 preferably a thermal hybridization treatment discriminates between nucleotide 
sequences based on a distinguishing nucleotide at the ligation junctions. The 
difference between the target nucleotide sequences can be, for example, a single 
nucleic acid base difference, a nucleic acid deletion, a nucleic acid insertion, or 
rearrangement. Such sequence differences involving more than one base can also be 

5 detected. Preferably, the oligonucleotide probe sets have substantially the same 
length so that they hybridize to target nucleotide sequences at substantially similar 
hybridization conditions. As a result, the process of the present invention is able to 
detect infectious diseases, genetic diseases, and cancer. It is also useful in 
environmental monitoring, forensics, and food science. 

0 A wide variety of infectious diseases can be detected by the process of 

the present invention. Typically, these are caused by bacterial, viral, parasite, and 
fungal infectious agents. The resistance of various infectious agents to drugs can also 
be determined using the present invention. 

Bacterial infectious agents which can be detected by the present 

5 invention include Escherichia coli, Salmonella, Shigella, Klebsiella, Pseudomonas, 
Listeria monocytogenes, Mycobacterium tuberculosis, Mycobacterium avium- 
intracellular e, Yersinia, Francisella, Pasteurella, Brucella, Clostridia, Bordetella 
pertussis, Bacteroides, Staphylococcus aureus, Streptococcus pneumonia, B- 
Hemolytic strep., Corynebacteria, Legionella, Mycoplasma, Ureaplasma, Chlamydia, 

0 Neisseria gonorrhea, Neisseria meningitides, Hemophilus influenza, Enterococcus 
faecalis, Proteus vulgaris, Proteus mirabilis, Helicobacter pylori, Treponema 



